MOBILE COMMUNICATIONS DEVICE 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a mobile communications device. 
Description of the Prior Art 

[0002] In mobile communications devices, non-directional antennas are used so that they 
offer a satisfactory gain irrespective of how the devices are used. On the other hand, in these 
days, concerns are rising that electromagnetic waves radiated from such antennas have a 
deleterious effect on the human body. In particular, there is a large concern for the 
deleterious effect of irradiation with electromagnetic waves on the human head. 

[0003] Because of these concerns, it is demanded that the radiation of electromagnetic 
waves from an antenna toward the human body be reduced. One way to reduce the radiation 
of electromagnetic waves toward the human body is to use, instead of a conventionally used 
non-directional antenna, a directional antenna held in a position from which it does not radiate 
electromagnetic waves toward the human body. However, by this method, if a base station 
happens to be in the same direction as the human body with respect to a mobile 
communications device when it is in a stand-by state, the antenna offers a lower gain than a 
conventionally used non-directional antenna, and thus there is a higher risk of failing to 
receive an incoming call. 



SUMMARY OF THE INVENTION 
[0004] An object of the present invention is to provide a mobile communications device 



that operates with reduced radiation of electromagnetic waves from its antenna toward the 
human body but that nevertheless offers a satisfactory antenna gain even in a stand-by state. 

[0005] To achieve the above object, according to the present invention, a mobile 
communications device is provided with: a non-directional antenna; a directional antenna; a 
transmitter/receiver section; a switch for switching states of connection between the non- 
directional and directional antennas and the transmitter/receiver section; and a control circuit 
for controlling the switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] This and other objects and features of the present invention will become clear from 
the following description, taken in conjunction with the preferred embodiments with reference 
to the accompanying drawings in which: 

Fig. 1 A is a perspective view of the cellular telephone device of a first embodiment of 
the invention; 

Fig. IB is a vertical sectional view of the cellular telephone device of the first 
embodiment of the invention; 

Fig. 2 is a circuit block diagram of the cellular telephone device of Fig. 1 A; 

Fig. 3 is a flow chart showing an example of the operation of the control circuit shown 
in Fig. 2; 

Fig. 4 is a flow chart showing another example of the operation of the control circuit 
shown in Fig. 2; 

Fig. 5 is a flow chart showing still another example of the operation of the control 
circuit shown in Fig. 2; 



Fig. 6A is a perspective view of the cellular telephone device of a second embodiment 
of the invention; 

Fig. 6B is a vertical sectional view of the cellular telephone device of the second 
embodiment of the invention; 

Fig. 7 is a circuit block diagram of the cellular telephone device of Fig. 6A; and 
Fig. 8 is a flow chart showing the operation of the control circuit shown in Fig. 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0007] Hereinafter, embodiments of the present invention will be described with reference 
to the drawings. The embodiments described below deal with cases in which the present 
invention is applied to a cellular telephone device. Fig. 1A is a perspective view of the 
cellular telephone device of a first embodiment of the invention, and Fig. IB is a vertical 
sectional view thereof, taken along line A- A shown in Fig. 1A. The cellular telephone 
device of the first embodiment is provided with a non-directional antenna 1 at the top. The 
non-directional antenna 1 exhibits an electromagnetic radiation pattern PI that is non- 
directional on a horizontal plane. The non-directional antenna 1 is, for example, a monopole 
antenna having a helical antenna at the tip. 

[0008] Moreover, the cellular telephone device is provided with a directional antenna 2 
inside. The directional antenna 2 is arranged on a printed circuit board 3 provided inside the 
cellular telephone device. The directional antenna 2 shows an electromagnetic radiation 
pattern P2 in which more electromagnetic energy is radiated in the direction of the back face 
of the cellular telephone device and less in the direction of the front face of the cellular 
telephone device, i.e. toward the human body. Thus, when the directional antenna 2 is used, 
less electromagnetic energy is radiated from the antenna toward the human body than when 



the non-directional antenna 1 is used. The directional antenna 2 is, for example, an inverted 
F-shaped antenna. 

[0009] Furthermore, the cellular telephone device is provided with an ear-piece section 4 
(the portion inside a body 12 where a loudspeaker 13 is arranged) in an upper portion of the 
front face, a display section 5 and a keypad section 6 in a central portion of the front face, and 
a microphone section 7 in a lower portion of the front face. 

[0010] Fig. 2 shows a circuit block diagram of the cellular telephone device of the first 
embodiment. The non-directional antenna 1 and the directional antenna 2 are connected 
through a selector switch 8 to a transmitter/receiver section 9. On the basis of signals fed 
from the transmitter/receiver section 9 and the keypad section 6, a control circuit 10 produces 
a control signal and feeds it to the selector switch 8. The control circuit 10 is provided with 
a memory 10A for storing operation sequences and the like. 

[0011] Next, the operation of the control circuit 10 will be described with reference to the 
circuit block diagram of Fig. 2 and the flow chart of Fig. 3. When the main power to the 
cellular telephone device is turned on, the flow of operation is started. The control circuit 10 
outputs a control signal to instruct the selector switch 8 to select the non-directional antenna 1 
(step S10). Next, whether the cellular telephone device is in a state for voice communication 
or not is checked (step S20). When an incoming call is received or an outgoing call is 
started and then connection with the telephone network is established, the control circuit 10 
recognizes that voice communication is started. 

[0012] If the cellular telephone device is found to be not in the voice communication state 
("No" in step S20), the flow returns to step S20. Until the cellular telephone device is 



brought into the voice communication state, it is in a state in which it intermittently receives 
electromagnetic waves from a base station (hereinafter, this state is referred to as the 
"intermittent reception stand-by state")- That is, in the intermittent reception stand-by state, 
the control circuit 10 keeps monitoring whether there is an incoming call or not and the like 
by using the non-directional antenna 1 . 

[0013] In the intermittent reception stand-by state, the non-directional antenna 1, which is 
non-directional on the horizontal plane, is selected. Thus, irrespective of the position in 
which the cellular telephone device is being held, i.e. irrespective of how the user is using it, 
the antenna gain never becomes extremely poor. 

[0014] On the other hand, when the cellular telephone device is found to be in the voice 
communication state ("Yes" in step S20), the control circuit 10 outputs a control signal to 
instruct the selector switch 8 to select the directional antenna 2 (step S30). Thereafter, 
whether the cellular telephone device is in the voice communication state or not is checked 
again (step S40). When an on-hook button in the keypad section 6 is pressed to cut the 
connection with the telephone network and thus voice communication is ended ("No" in step 
S40), the flow proceeds to step S10. 

[0015] As a result of the control circuit 10 operating in this way, whenever the user brings 
his or her head close to the cellular telephone device for voice communication, the directional 
antenna 2 is selected. This reduces the radiation of electromagnetic waves from the antenna 
toward the human body, in particular the head. On the other hand, in the intermittent 
reception stand-by state, the non-directional antenna 1 is selected. This ensures a 
satisfactory antenna gain, and thus eliminates the risk of failing to receive an incoming call. 



[0016] However, with the control circuit 10 operating in this way, when the flow proceeds 
to step S30, depending on the position in which the cellular telephone device is being held, 
there is a risk of the antenna gain becoming extremely poor or, in the worst case, the 
connection getting cut. This problem can be overcome by exercising control in such a way 
that, when the antenna gain becomes poor while the directional antenna 2 is being used, 
selection is switched to the non-directional antenna 1. To achieve this, the 
transmitter/receiver section 9 feeds the result of detecting the strength of the signal being 
received to the control circuit 10, and the control circuit 10 is provided with a timer. In this 
case, the control circuit 10 operates as shown in the flow chart of Fig. 4. It is to be noted 
that, in Fig. 4, such steps as are found also in Fig. 2 are identified with the same step numbers. 
Now, the flow of operation shown in the flow chart of Fig. 4 will be described. 

[0017] When the main power to the cellular telephone device is turned on, the flow of 
operation is started. The control circuit 10 outputs a control signal to instruct the selector 
switch 8 to select the non-directional antenna 1 (step S10). Next, whether the cellular 
telephone device is in the voice communication state or not is checked (step S20). 

[0018] If the cellular telephone device is found to be not in the voice communication state 
("No" in step S20), the flow returns to step S20. On the other hand, when the cellular 
telephone device is found to be in the voice communication state ("Yes" in step S20), the 
flow proceeds to step S22. 

[0019] If the strength of the signal being received is higher than or equal to a 
predetermined level ("Yes" in step S22), the control circuit 10 outputs a control signal to 
instruct the selector switch 8 to select the directional antenna 2 (step S30), and then the flow 



proceeds to step S34. On the other hand, if the strength of the signal being received is lower 
than the predetermined level ("No" in step S22), the control circuit 10 outputs a control signal 
to instruct the selector switch 8 to select the non-directional antenna 1 (step S32), and then the 
flow proceeds to step S34. 

[00201 I n ste P S34, the control circuit 10 resets a time T to zero and starts a timer. Then, 
whether the cellular telephone device is in the voice communication state or not is checked 
(step S40). If the cellular telephone device is found to be in the voice communication state 
("Yes" in step S40), then whether the time T has reached a predetermined time a or not is 
checked (step S42). If the time T has reached the predetermined time a ("Yes" in step S42), 
the flow proceeds to step S22; if the time T has not reached the predetermined time a ("No" 
in step S42), the flow proceeds to step S40. On the other hand, when the on-hook button in 
the keypad section 6 is pressed to cut the connection with the telephone network and thus 
voice communication is ended ("No" in step S40), the flow proceeds to step S10. 

[0021] As a result of the control circuit 10 operating in this way, when the strength of the 
signal being received is lower than the predetermined level, even when the cellular telephone 
device is in the voice communication state, the non-directional antenna 1 is selected. This 
reduces the occurrence of the trouble of connection being cut in the middle of voice 
communication, but nevertheless permits the directional antenna 2 to be selected in the voice 
communication state as long as the strength of the signal being received is higher than or 
equal to the predetermined value. Thus, though to a smaller degree than when the control 
circuit 10 operates as shown in the flow chart of Fig. 2, it is possible to reduce the radiation of 
electromagnetic waves from the antenna toward the human body, in particular the head, at 
least as compared with a case where only a conventionally used non-directional antenna is 



used. 



[0022] The control circuit 10 may operate as shown in the flow chart of Fig. 5 to permit 
the user to freely select one of three modes as he or she likes. It is to be noted that, in Fig. 5, 
such steps as are found also in Fig. 2 are identified with the same step numbers. 

[0023] When the main power to the cellular telephone device is turned on, the flow of 
operation is started. The control circuit 10 checks which antenna selection mode is being 
selected (step S5). Here, the user is permitted to select the desired antenna selection mode 
by operation of the keypad section 6, and the selected mode is stored in the memory 10A 
provided in the control circuit 10. 

[0024] If, in step S5, it is found that an antenna selection mode "a" is being selected, the 
control circuit 1 0 outputs a control signal to instruct the selector switch 8 to select the non- 
directional antenna 1 (step S10). Next, whether the cellular telephone device is in the voice 
communication state or not is checked (step S20). If the cellular telephone device is found 
to be not in the voice communication state ("No" in step S20), the flow returns to step S5, 
where the cellular telephone device is brought into the intermittent reception stand-by mode. 
On the other hand, if the cellular telephone device is found to be in the voice communication 
state ("Yes" in step S20), the control circuit 10 outputs a control signal to instruct the selector 
switch 8 to select the directional antenna 2 (step S30). Thereafter, whether the cellular 
telephone device is in the voice communication state or not is checked again (step S40). 
When voice communication is ended ("No" in step S40), the flow returns to step S5, where 
the cellular telephone device is brought into the intermittent reception stand-by mode again. 

[0025] If, in step S5, it is found that an antenna selection mode "b" is being selected, the 



control circuit 10 outputs a control signal to instruct the selector switch 8 to select the non- 
directional antenna 1 (step S50). Next, whether the cellular telephone device is in the voice 
communication state or not is checked (step S60). If the cellular telephone device is found 
to be not in the voice communication state ("No" in step S60), the flow returns to step S5, 
where the cellular telephone device is brought into the intermittent reception stand-by mode. 
On the other hand, if the cellular telephone device is found to be in the voice communication 
state ("Yes" in step S60), then whether the cellular telephone device is in the voice 
communication state or not is checked again (step S70). When voice communication is 
ended ("No" in step S70), the flow returns to step S5, where the cellular telephone device is 
brought into the intermittent reception stand-by mode again. 

[0026] If, in step S5, it is found that an antenna selection mode "c" is being selected, the 

control circuit 10 outputs a control signal to instruct the selector switch 8 to select the 

•i 

directional antenna 2 (step S80). Next, whether the cellular telephone device is in the voice 
communication state or not is checked (step S90). If the cellular telephone device is found 
to be not in the voice communication state ("No" in step S90), the flow returns to step S5, 
where the cellular telephone device is brought into the intermittent reception stand-by mode. 
On the other hand, if the cellular telephone device is found to be in the voice communication 
state ("Yes" in step S90), then whether the cellular telephone device is in the voice 
communication state or not is checked again (step SI 00). When voice communication is 
ended ("No" in step S100), the flow returns to step S5, where the cellular telephone device is 
brought into the intermittent reception stand-by mode again. 

[0027] The antenna selection mode "a" is a mode in which the non-directional antenna 1 
is selected when operation other than voice communication is being performed and the 



directional antenna 2 is selected when voice communication is being performed. The 
antenna selection mode "b" is a mode in which the non-directional antenna 1 is selected all 
the time, and is thus the mode suitable, for example, when the cellular telephone device is 
used in an area where there are few base stations and thus there is a high risk of connection 
being cut in the middle of voice communication. The antenna selection mode "c" is a mode 
in which the directional antenna 2 is selected all the time. This leaves the risk of failing to 
receive an incoming call depending on the position in which the cellular telephone device is 
being held, but is most effective in reducing the radiation of electromagnetic waves from the 
antenna to the human body. The antenna selection mode "a" may be modified so that the 
directional and non-directional antennas are switched according to the strength of the signal 
being received as shown in the flow chart of Fig. 4. 

[0028] Next, the cellular telephone device of a second embodiment of the invention will 
be described. Fig. 6A is a perspective view of the cellular telephone device of the second 
embodiment, and Fig. 6B is a vertical sectional view thereof, taken along line B-B shown in 
Fig. 6A. It is to be noted that, in Figs. 6A and 6B, such elements as are found also in Fig. 1 
are identified with the same reference numerals and their explanations will not be repeated. 
Here, in the ear-piece section 4 is provided a touch sensor 1 1 . The touch sensor 1 1 is, for 
example, a sensor provided with a piezoelectric sensor. 

[0029] Fig. 7 is a circuit block diagram of the cellular telephone device of the second 
embodiment. It is to be noted that, in Fig. 7, such elements as are found also in Fig. 2 are 
identified with the same reference numerals and their explanations will not be repeated. 
When the touch sensor 1 1 senses touch, it feeds a detection signal to the control circuit 10. 



-10- 



[0030] Next, the operation of the control circuit 10 will be described with reference to the 
circuit block diagram of Fig. 7 and the flow chart of Fig. 8. The control circuit 10 outputs a 
control signal to instruct the selector switch 8 to select the non-directional antenna 1 (step 
S210). Next, the control circuit 10 checks whether it is receiving a detection signal from the 
touch sensor 11 or not (step S220). If the control circuit 10 is receiving a detection signal 
from the touch sensor 11 ("Yes" in step S220), the control circuit 10 outputs a control signal 
to instruct the selector switch 8 to select the directional antenna 2 (step S230). Thereafter, 
the control circuit 10 checks whether it is receiving a detection signal from the touch sensor 
1 1 or not again (step S240). If the control circuit 10 is not receiving a detection signal from 
the touch sensor 1 1 ("No" in step S240), the flow returns to step S210. 

[0031] In the cellular telephone device of the second embodiment, irrespective of whether 
voice communication is being performed or not, when the touch sensor 1 1 detects that the 
user has put his or her ear on the ear-piece section 4, the control circuit 10 outputs a control 
signal to instruct the selector switch 8 to select the directional antenna 2. This reduces the 
radiation of electromagnetic waves from the antenna to the user's head. 

[0032] Moreover, in the cellular telephone device of the second embodiment also, the 
control circuit 10 may control the selector switch 8 according to the strength of the signal 
being received, or may operate in one of three antenna selection modes, as in the cellular 
telephone device of the first embodiment,. 

[0033] A cellular telephone device is used for non-voice communication such as data 
communication as well. In the cellular telephone device of the first embodiment, non-voice 
communication is not recognized as voice communication, and therefore the non-directional 



antenna is selected in non-voice communication. In the cellular telephone device of the 
second embodiment also, in non-voice communication, the user does not put his or her ear on 
the ear-piece section, and therefore the non-directional antenna is selected. In general, 
during non-voice communication, the user tends to change the direction of a mobile 
communications device more frequently. For this reason, the cellular telephone devices of 
the first and second embodiments are both so configured that the non-directional antenna is 
selected in non-voice communication. It is to be understood, however, that the present 
invention may be practiced in any other manner than specifically described above in terms of 
embodiments. For example, the directional antenna may selected not only in voice 
communication but also in any other type of communication including non-voice 
communication. 

[0034] Moreover, although the embodiments described above deal with cases where the 
present invention is applied to a cellular telephone device, the present invention can be 
applied not only to cellular telephone devices but to mobile communication devices provided 
with a wireless communication function in general. 
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